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ABSTRACT 

 

 

 This study looked at a community-based nutrition intervention in a cancer population. 

Participants were supplied seven meals a week for the total study duration of 6-weeks. 

Participants had blood drawn via venipuncture and finger stick. Pre- and post-intervention serum 

levels of inflammatory cytokines and lipid panel markers. QOL questionnaires assessed 

participants cancer symptoms, including fatigue, were affecting their physical and social habits. 

Overall, while no significant changes were seen, the results showed positive trends in self-

reported fatigue, health limiting activities, and lipid panel markers. These results can be used as 

preliminary evidence to support further studies that investigate the use of community-based 

nutrition interventions for people with cancer. Future research can focus on larger studies that 

include longer interventions, and look at more specific populations regarding cancer type, sex, or 

ethnicity.   
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Chapter 1. Introduction 

         Cancer is one of the leading causes of death worldwide. There were 19.3 million new 

cases and almost 10 million deaths in 2020 alone.1 Cancer can be devastating to one’s health, but 

also may have significant financial implications. Personal health care cancer costs were $115.4 

billion in 2013, with estimates close to $200 billion in 2020. Financial toxicity refers to the 

financial burden on a patient's outcomes and quality-of-life (QOL).2 Unfortunately, financial 

toxicity can continue to harm patient’s, even after they may be in remission or done with cancer 

treatments. There are also psychosocial implications of cancer, where diagnosis and treatment 

may impact a patient’s well-being. Such mental impacts may stem from loss of employment, 

financial strains, as well as physiological changes. For example, there is an association between 

elevated inflammatory markers and depression in cancer patients. Cytokines are some of the 

most studied biomarkers in patients with cancer, and have been shown to be elevated in this 

chronic disease state.3 Research on exercise and nutrition interventions in patients with cancer 

has been associated with favorable outcomes in future prognosis, treatment completion and 

reducing cachexia and other related toxicities.4-6 Additionally, many patients diagnosed with 

cancer also suffer from other comorbidities such as COPD, type-2 diabetes, chronic infections, 

hypertension, or hyperlipidemia,7. Due to these comorbidities it is also important to monitor 

traditional cholesterol panel biomarkers that include; high-density lipoprotein, low-density 

lipoprotein, and triglycerides. Based on laboratory research, organizations have developed 

community-based programs to help address lifestyle behaviors in patients with cancer that may 

improve levels of the above-mentioned biomarkers. Prior research has shown community-based 

interventions that provide engagement have improved health screening and awareness. For 

example, community awareness increases screening for colorectal cancer.8 The use of 
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community-based programs can also help provide care and resources for patients with a lower 

socioeconomic status.9-10 However, more research is needed to study the effects of these 

community-based exercise and nutrition interventions in a population with a cancer diagnosis.  

Because of their physiological involvement in cancer, cytokines are one of the most 

important variables in the body’s response to cancer. Cytokines are secreted proteins important 

for the information communicated between different cells.11 This relationship between cancer 

and cytokines becomes even more important during cancer treatment. Cytokines can be used to 

measure inflammation changes throughout the cancer process and during treatment. Several 

cytokines have also been studied as cancer immunotherapies. Research on cytokines as cancer 

treatments has only just started, but several cytokines including interferon-alpha (IFN-α), 

interferon-gamma (IFN-γ), and interleukin-2 (IL-2) have been approved to be used clinically in 

anticancer treatments. Others such as interleukin-12 (IL-12), interleukin-15 (IL-15), and 

interleukin-21 (IL-21) are in ongoing research for potential therapeutic use.12 To understand how 

cytokines may be useful or harmful in the progression of cancer, it is important to know their 

role at the cellular level. When the body encounters a pathogen, infection, or injury; white blood 

cells produce cytokines to help regulate the immune response. These cytokines trigger immune 

cells and the release of other cytokines to help the body defend itself.13 Cytokine levels are 

higher in the presence of disease, including cancer, due to the role they play in the tumor 

microenvironment. There has been some research on the potential of using cytokine levels to 

help with earlier detection of cancer.14 It is important to understand how diet and exercise affect 

the immune process as well. 

Diet and exercise are two factors that both affect the inflammatory process. During 

exercise, the molecular damage of the muscle tissue leads to an acute immune response and 
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changes in circulating biomarkers. This acute inflammatory process from exercise can last up to 

24 hours, followed by a regenerative response. Circulating cytokines are measures of current 

inflammation and have been shown to be elevated in a chronic disease state. The immunologic 

adaptations from the acute inflammatory process, may help explain some of the long-term 

benefits of exercise.15 Benefits have already been found in a cancer population. Just 15 minutes 

or more of daily moderate intensity activity has been associated with positive effects on cancer 

mortality.16 Exercise has also become increasingly commonplace as part of cancer treatment and 

rehabilitation. Following surgery for lung cancer, exercise rehabilitation has been associated with 

decreased postoperative complications and pulmonary complications.17 Adequate nutritional 

status is important for the regulation of immune and oxidative processes. Poor nutritional status 

has been associated with an increased risk of infection.18 However, more research is needed to 

study various exercise modes, intensities, and durations and their immunologic effects. More 

research is also needed on biomarker changes following nutritional interventions. This is 

particularly important, due to the devastating physiological effects cancer treatment can have on 

an individual. 

Cancer immunotherapies have seen a large amount of development in the last few 

decades, which has had an enormous impact on the survival rates in many types of cancers. 

However, many cancer treatments are still not without the risk of toxicity. Although treatments 

can help kill malignant cells, patients often feel extensive side effects. Immune checkpoint 

inhibitors have shown momentous results on mortality in metastatic cancer by controlling the 

cancer cell’s effect on the T cell response. However, they have also been associated with many 

cardiovascular toxicities. Those receiving immune checkpoint inhibitor treatment, especially 

those with a heart history or receiving combination immunotherapy, are at an increased risk for 
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myocarditis, vasculitis, arrhythmias, or other cardiovascular based toxicities.19 Radiation therapy 

is also frequently used to treat most types of solid tumors. Although treatment works to kill as 

much of the cancer cell with the least amount of surrounding cellular damage, patients are at risk 

for many adverse effects. Fibrosis, cognitive dysfunction, pneumonitis, hematologic suppression, 

hair loss, and gastrointestinal are a few of the toxicities that radiation therapy may cause. 

Radiation also has carcinogenic potential itself, with increased risk seen with increased time of 

exposure.20 
 

Patients undergoing chemotherapy may also be at risk of developing symptoms of 

cachexia. Cancer cachexia has also been associated with the development of further toxicities. 

More research should focus on the effects of these conditions on patient outcomes in different 

cancer types.21 Cachexia is associated with cancer morbidity and mortality. Cachexia progression 

has been associated with increased systemic inflammation and poor nutritional status. Chronic 

elevation of inflammatory cytokines correlates with skeletal muscle and tissue dysfunction. 

Exercise has shown promise as an intervention for preserving muscle mass, improved metabolic 

function, and mediating inflammatory cytokines. Current research suggests multimodal 

approaches, with inclusion of exercise, nutrition, and cancer treatment intervention, are needed to 

see the best outcomes in patients with cachexia. However, further research should focus on the 

potential magnitude and mechanisms of these treatment models.22 This is also the best way to 

improve QOL measurements in patients with cancer. 

The effects of cancer itself and cancer treatments can potentially impact not just an 

individual’s physical health, but also emotional, social, and cognitive function.23 Choosing 

cancer treatment options for patients can involve consideration of factors such as age, prognosis, 

and family circumstances. Systematic reviews of QOL in patients with cancer demonstrate the 
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complexity of choosing QOL versus length-of-life. While patients frequently feel that QOL and 

length-of-life are equally important, baseline QOL and future expectations seem to be the key 

determinants when assessing treatment options.24 This is why exercise and nutrition programs 

are so important for improving QOL measures and potentially future prognosis. Supervised and 

home-based physical activity programs have showed some ability to reduce perceived fatigue in 

patients undergoing chemotherapy or radiation therapy treatments.25 Moderate to vigorous 

physical activity has also been associated with higher health-related QOL in colorectal cancer 

survivors. This association was mediated by fatigue and distress, demonstrating the importance 

of measuring fatigue when QOL is considered.26 Fatigue is just one of many QOL related 

symptoms that can interfere with the dietary habits of a patient with cancer. Symptoms that can 

cause difficulty maintaining adequate nutritional intake can include; fatigue, anorexia, vomiting, 

diarrhea, or difficulties with taste, smell, or swallowing. These can be considered nutrition 

impact symptoms, which contribute to the metabolism dysfunction associated with cancer 

cachexia.27 Fatigue and anxiety can also be a barrier to engagement in healthy lifestyle 

behaviors, including nutrition. Research focusing on nutrition interventions can help provide 

ways to improve fatigue and subsequently other QOL measures.28  

Additionally, nutrition therapy during and after cancer treatment can also help improve 

patient’s lipid profiles.
29 Research on the role of lipid profiles in patients with cancer is 

paramount to further understanding how to improve the health of patients with cancer. Lipid 

profile alteration may be in part due to tumor pathogenesis, as well as lifestyle factors.30 While 

abnormal lipid profiles have been frequently demonstrated with patients with cancer, their role in 

cancer is still ambiguous. Because of this the clinical significance of lipid profiles in cancer risk 

stratification needs further study.31 Investigation of lipid profiles in patients with cancer has 
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shown a correlation between increased low-density-lipoproteins (LDL), and metastasis across 

breast, colon, gastric, and ovarian cancer.32 Lipid profiles may also be altered when undergoing 

cancer treatment. When compared to pre-intervention, patients with breast cancer saw decreased 

total cholesterol (TC), LDL, and increased levels of poly unsaturated fatty acids (PUFAs) after 

undergoing radiation therapy.29 This supports cancer treatment’s influence on lipid profiles, as 

well as lipids playing a role in cell proliferation and apoptosis. Nutrition interventions for 

patients with cancer have been found to have a positive impact on body weight, nutrition status, 

and energy intake.33 However, the role of nutrition interventions in altering abnormal lipid 

profiles in patients with cancer remains a current gap in the literature.  

Since biomarkers are so extensively studied in cancer research, it is important to know 

how they may react with the inflammatory response to exercise or diet intervention. Finding 

what circulating blood levels are safest in patients with cancer, helps increase the safety and 

efficacy of community health interventions. Since community health interventions have shown 

the ability to improve patient’s health, it is important to see if community nutrition programs are 

improving these QOL measures in patients with cancer. Because a patient’s QOL can be 

negatively impacted by not just cancer, but also any other health comorbidities, it is important to 

study lipids profiles in this population as well. 

Statement of the Problem 

         Cytokines are small proteins that are pivotal in the growth and function of the immune 

system. However, there is minimal research on cytokines and how they are affected by exercise 

and nutrition intervention in patients with cancer. Much of the research that does exist comes 

from controlled laboratory settings. Patients with cancer are also at risk for many toxicities, like 
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cachexia. This can significantly impact an individual’s QOL, which can play a role in the 

treatment options they choose. Nutrition impact symptoms like fatigue and appetite changes can 

also contribute to cancer cachexia. Research has shown a lot of promise in the ability of nutrition 

interventions to mitigate these effects. Abnormal lipid profiles are also common in patients with 

cancer. However, there is little research on the effects of nutrition interventions on lipids in 

patients with cancer. This study seeks to gain insight into how a community-based nutrition 

intervention affects inflammatory blood biomarkers, QOL measures like fatigue, and lipid 

profiles in patients with cancer. This research focused on the inflammatory blood biomarkers 

TNF-α, IL-2, and IL-1β. IL-2 has already had clinical use in trying to treat cancer through 

immunotherapy and there has been investigation of the inhibition of TNF-α, and IL-1β as a 

cancer treatment. A lipid profile was taken of TC, LDL, high-density-lipoprotein (HDL), non-

high-density-lipoprotein (non-HDL), triglycerides (TRG), TC/HDL ratio, and fasting blood 

glucose (GLU). The impact of nutrition interventions on these measures in patients with cancer 

is not yet fully understood and is a current gap in the literature. Further, there is little evidence on 

how patients with cancer receiving treatments may react to nutrition interventions. This 

information can be used to help determine the impact of these interventions on inflammatory 

blood biomarkers, QOL measures, lipid profiles, and promote future research directions.  

Purpose Statement 

         While there is ever increasing knowledge of cytokines and their relationship with 

inflammation and nutrition, the effects of community-based interventions on cancer treatment 

outcomes are not yet fully understood. The impact of nutrition interventions on QOL measures 

and fatigue in patients with cancer needs further study to fully understand the role of community-

based treatment and potentially prognosis. Lipid profiles also need to be studied for their 
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associated with cancer progression. There is also little known on the effects of nutrition 

intervention on lipid profiles in patients with cancer. The purpose of this research is to look at a 

nutrition intervention from a community health perspective and see what inflammatory, lipid, 

and QOL changes are occurring. This study assessed these measures pre- and post-nutrition 

intervention. The results can add to support of these community health programs and highlight 

the need for future research in this field. The findings also added to the literature on the positive 

effects of nutrition interventions on inflammatory blood biomarkers and lipid profiles in patients 

with cancer undergoing treatment. Adequate nutrition is important during cancer treatment, and 

this research aims to fill a gap in the literature by studying these measures and supporting the 

role of nutrition community-based health programs in this population.   
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Chapter 2. Literature Review 

         Cytokines are important in researching cancer immunotherapies. They have also been 

studied for their relationship with nutrition and inflammation. While there is not so much of a 

general theory related to inflammation, we have long since known that it plays a vital role in 

many disease processes. The scientific belief is that inflammatory mediators, such as cytokines, 

which persist in inflamed tissue can cause cell proliferation, survival, and growth. This modifies 

the differentiation status of cells forcing them into transformation. Inflammation is crucial in 

sustaining tumorigenesis, which is why it plays such a key role in cancer.34 The purpose of this 

literature review is to look at the current research on how biomarkers relate to inflammation, 

cancer, and nutrition. Then look at the specific biomarkers being focused on in this intervention. 

Since being discovered in the 1960s and 70s, there are now over 100 proteins labeled as 

cytokines. These proteins help facilitate cellular communication by acting as hormones or 

neurotransmitters. Cytokines function in inflammation, cellular proliferation, metabolism, 

chemotaxis, and tissue repair.35 Cytokine is a broad term as many distinct types of cytokines 

exist. These can include interferons, interleukins, tumor-necrosis factors, chemokines, and 

several more classifications. Recently with the emergence of the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) pandemic there has been increased discussion of a 

“cytokine storm.” While this term is without definition, it implies a hyperactive immune 

response that could be damaging to host cells. Distinguishing a normal inflammation response 

from a dysregulated one in a great challenge in human illness.36 The Covid-19 pandemic has 

highlighted the significance of studying cytokines. This study focused on the specific cytokines 

IL-1β, IL-2, and TNF-α.  
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Tumor Necrosis Factors are another biomarker that have shown associations with cancer. 

TNF are a type of cytokine that can be elicited by endotoxins. Endotoxins are found in the cell 

wall and induce inflammation in organisms. TNFs have the ability to perform necrosis activity 

on tumors. It is shown to have abilities on not just mice, but also human cancer. TNF is usually 

produced by macrophages and T-lymphocytes.37 TNF has a complicated role in cancer, given 

that through its signaling pathways it can cause cell survival, proliferation, or death. Its use in 

being studied and used as a cancer therapy comes from being capable of causing cancer cell 

death. TNF must be bound to a receptor to be expressed in immune cells. TNF can bind to two 

different receptors: TNF receptor 1 and TNF receptor 2. However only TNF receptor 1 is a 

death-domain-containing receptor, which gives it the ability to allow TNF to induce cell death.38 

TNF-α is one type of TNF that has been extensively studied when it comes to cancer. 

         TNF-α is an inflammatory cytokine produced by macrophages and through a receptor, 

such as TNF receptor 1, signals events within cells like necrosis or apoptosis. Therefore, it is 

mentioned frequently in fighting resistance to cancer or infections.39 These apoptotic effects of 

TNF-α give it its protective properties against tumors. It is also important for tissue repair, as 

well as other regenerative and proliferative processes. While normal levels of TNF-α are in low 

serum concentrations, they increase in times of inflammation.40 TNF-α is a protector of 

intracellular organisms and is the main factor in initiating an immune response to inflammation. 

Through its receptor’s TNF-α activates macrophages that can create a feed-forward loop that 

creates more TNF-α. This is important for proliferation of T cells, B cells, natural killer cells, 

and dendritic cells. Elevated TNF-α are also important for molecule expression that allows for 

neutrophil extravasation. These elevated levels of TNF-α and their effect on macrophages and 

neutrophils partially explain the benefits of TNF-α on cancer, although at lower levels TNF-α 
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can relate to tumor growth.41 This shows the complication of studying TNF-α and its relation to 

cancer. Another type of cytokine with a relationship with cancer are interleukins. 

Interleukins are another type of cytokine prevalent in cancer research. Like TNF and 

Interferons, interleukins facilitate bridging the gap between the innate and adaptive immune 

systems and their responses. Interleukins also can play multiple roles and have pro-inflammatory 

and anti-inflammatory properties. These proteins bind to receptors inside the cells and react 

through cell growth and activation during inflammatory and immune responses. They can also 

function in both autocrine and paracrine systems.42 Like TNF, using interleukins for cancer 

therapy has yielded mixed results. There are many different methods that have been evaluated 

for using interleukins as a cancer therapy. One method is through several types of engineering. 

One way of controlling potentially toxic effects of interleukins and other cytokines, is prolonging 

their half-life. Another way is interleukin-toxin fusion proteins that can attack cells with 

interleukin receptors, resulting in cell death. Another way interleukin’s function in cancer 

therapy is complimenting adoptive cell therapy (ACT). Using ACT to express interleukins at the 

tumor site can help avoid toxicity. It can also mount a non-ACT immune response and activate 

tumor-infiltrating T cells. These can target cancer cells and the non-ACT immune response can 

activate macrophages, which are important for an innate immune response on cells without the 

antigen.43 One interleukin frequently studied in cancer research is IL-2. 

IL-2 is a cytokine produced by T-lymphocytes, natural killer, and DC (Dendritic Cells) 

cells. Its receptor affinity is with the Interleukin-2 receptor (IL-2R). IL-2R can be broken down 

into three subunits: alpha, beta, and gamma.44 IL-2 and its connection to T cells is what makes it 

so promising to potential cancer therapies. IL-2 can induce T cell proliferation, differentiation, 

and activation. The purpose of this activation is to try and enhance the functional memory of T 
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cells.45 Engineering IL-2 is one of the main focuses in its use in cancer research. Using methods 

like prolonging half-life and fusion proteins, as well as others. Bempegaldesleukin is a drug that 

is designed to increase the half-life of IL-2, slightly changing its receptor affinities, and reducing 

toxicity while increasing efficacy. This may achieve tumor regression, while activating and 

proliferating CD8 T cells and natural killer cells. ALKS-4230 is an engineered protein of IL-2 

fused to one of its receptors IL-2R alpha inhibiting its reaction, and preferably binding to IL-2R 

beta gamma. This is meant to stimulate greater CD8 T cell and natural killer cell memory.46 

These interactions show why IL-2 is so pertinently studied in cancer research. Another 

interleukin prominent in cancer research is interleukin-1 (IL-1). 

The diverse effects of IL-1 opened the door for the pleiotropic effects we know are 

possible of cytokines today. IL-1 has long had implications for the innate immune system and 

inflammation, which has only been complexed by its large extended family. Two members of the 

IL-1 family, IL-α and IL-β, are expressed from the same receptor but are associated with distinct 

functions in the body.47 IL-1α has shown expression with cell death and from within injured 

tissues. This makes it a central part of inflammatory diseases. The pathogenic effects of IL-1α 

are not as extensively studied as IL-1β, but it has seen clinical implication for therapeutic 

inhibition in inflammatory disease. While IL-1α and IL-1β both are implicated in activating 

similar responses to produce pro-inflammatory effects, IL-α has also been detected as a precursor 

in healthy states, while IL-1β must undergo intracellular processing to become active. Because of 

this IL-1β can be thought of as a dual function cytokine and induces pro-inflammatory effects in 

the extracellular space. In cancer pathology IL-1α has been associated with expression aiming to 

reduce tumor progression early. However, IL-1α found in the extracellular environment can be 

associated with cancer cell survival and tumor progression. IL-1α inhibitor treatments may also 
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reduce symptoms of cancer toxicities like cachexia by preserving muscle loss and reducing 

fatigue.48 Some studies have associated IL-1β with upregulation in many cancer types, although 

the subsequent effect varies. IL-1β has shown strong association with cancer cell proliferation, 

neo-angiogenesis, and metastasis. The full effects of cancer treatment with IL-1β inhibitors are 

still not fully known.49 

Nuclear factor kappa B (NF-κB) is one transcription factor that may play a role in 

cytokines contributing to cancer progression. NF-κB has been shown to increase tumor 

proliferation and inhibit anti-apoptotic genes. This makes NF-κB a target to inhibit in some 

chemotherapeutic drugs.50 The significance of this is that TNF-α for example uses NF-κB as one 

of its pathways. Under normal inflammation situations there is regulation from cytokines such as 

interleukin-10 and transforming growth factor β, as well as other hormones like cortisol. 

Dysregulation of these pathways can lead to sustained inflammation, often seen in patients with 

cancer. Allowing cytokines to play a significant role in the tumor microenvironment, often acting 

in favor of tumor progression. However, there is some evidence that physical activity and 

nutrition intervention can reduce production of pro-inflammatory cytokines and reduce cancer 

recurrence.51 

Inflammatory Process and Disease 

         Acute inflammation is the body’s response to injury or infection, and is important for 

repairing damaged tissues, trying to destroy foreign agents, and returning the body to 

homeostasis. However, imbalances that cause a weakened acute inflammatory response or an 

extended immune response can be detrimental. In the case of an extended immune response 

chronic inflammation can occur, which can damage healthy tissue if it persists.34 This persistent 
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chronic inflammation can be referred to as systemic chronic inflammation (SCI). This SCI can 

disrupt our body’s function at the cellular level, making it more susceptible to disease. One of 

these potential disease outcomes is tumors, as well as many other chronic diseases. SCI is also 

correlated with higher levels of pro-inflammatory cytokines in older populations.52 

Because this research involved people with cancer who are currently undergoing 

treatment, knowing how inflammation may play a role in tumors is important. While 

inflammation is regulated in the acute stage, chronic inflammation is when tumorigenesis may 

occur. When cytokine expression becomes dysregulated it can have a pro-tumorigenic effect. In 

a prolonged inflammatory response, the cascade of cytokines in the tissue microenvironment is 

constantly enhanced, which leads to dysregulation of the auto-feedback loop. This can be due in 

part to the homologous and synergist effect of many cytokines and their receptors.53 This further 

supports that increased levels of cytokines may demonstrate risk of tumor recurrence. Cytokines 

are part of the regulation of the immune response to inflammation. Some cytokines can act in an 

anti-inflammatory manner, helping the tissues to reestablish homeostasis. However pro-

inflammatory cytokines can lead to a systemic inflammatory response syndrome, which can be 

self-destructive to the host. It is important to understand how cytokines react with the 

inflammatory response in disease to know how they may react to a nutrition intervention. 

Biomarkers and Inflammation 

IL-1 plays a role in both immunity and infection as a pleiotropic cytokine. However, both 

IL-1α and IL-1β play distinct roles in the inflammatory process.54 IL-1α is typically found in the 

nucleus or cytosol. While it uses the same receptors as IL-1β, its release may be different. 

Following necrosis in disease the IL-1α precursor is released, and it acts as an alarmin to enact 
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an inflammatory cascade. Therefore, IL-1α has shown association with cancer and its inhibition 

has been assessed as a therapeutic.55 We know the pivotal role IL-1α plays in the inflammatory 

process, because loss of IL-1 receptor antagonist function is associated with copious amounts of 

sterile inflammation in genetic disorders and mice. IL-1β is not present in levels of health but 

needs further stimulus for activation. The intracellular cysteine protease caspase-1 is required to 

turn IL-1β into an active cytokine. Anakinra is an IL-1 receptor antagonist that has been used in 

the treatment of rheumatoid arthritis.56 The complete mechanism of IL-1β release is still not fully 

understood. But upon activation, if IL-1β activates IL-1R1, it can create downstream signaling 

such as NF-kB transcription. This leads to further inflammation and pro-inflammatory cytokine 

release. IL-1β has been correlated with tumor expression in breast cancer, contributing to 

mechanisms that increase tumor progression.57 This TNF-α also has pro-inflammatory and anti-

inflammatory properties. 

         What we know about TNF-α, and its pro-inflammatory properties comes from its role in 

disease. For example, TNF-α has shown a pro-inflammatory role in breast cancer. It is found in 

the tumor microenvironment, which plays a significant role in the progression of the disease.58 

Breast cancer survivors can also see cognitive impairment, which can be correlated with 

increased levels of TNF-α. The disease state of cancer may make the blood-brain-barrier more 

permeable to chemotherapy. Cytokine receptors are prominent in the hippocampus and readily 

cross over the blood brain barrier. This may explain the relationship between pro-inflammatory 

cytokines like TNF-α, reduced hippocampal volume, and impaired memory function.59 TNF-α 

also has been associated with the inflammatory process. 

         The pro-inflammatory properties of TNF-α have been the target of many disease 

interventions. The blockage of TNF-α has been associated with complications like ocular 
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inflammation. Furthermore, TNF-α may be important in the role of antigen presenting cells and 

their role in regulating the immune response. Specifically, in the suppression of IL-12, another 

pro-inflammatory cytokine.60 TNF-α may also act in an anti-inflammatory manner in cohesion 

with mesenchymal stem cells. From this study, pre-stimulation with TNF-α could improve bone 

marrow mesenchymal stem cells function at reducing inflammation in ocular injuries and 

improving corneal clarity.61 This shows that TNF-α may have a more direct pro-inflammatory 

effect and shows its anti-inflammatory properties in relationship with other agents. IL-2 also has 

a dual role in the inflammatory process. 

IL-2 is especially important in signaling pathways of controlling the pro-inflammatory 

and anti-inflammatory effects of T cells. IL-2 is more tailored to specific cell types, so its effects 

can be different based on T cell subtype. In regulatory T cells, IL-2 plays a larger role in 

supporting their homeostasis and differentiation, whereas in effector T cells it is more about cell 

growth.62 Therefore, using IL-2 in a pro-inflammatory or anti-inflammatory manner in trying to 

treat disease, can be dependent on the signaling pathways. An example of the potential of pro-

inflammatory effects of IL-2 is observed in metabolic inflammation and insulin resistance in 

obesity. In the adipose tissue increased levels of T lymphocytes that produce IL-2 may lead to 

increased inflammation. The increase in IL-2 can also be correlated with increased fasting blood 

glucose and HbA1c. Il-2 also works with other pro-inflammatory mediators like Toll-like 

receptors (TLRs), that contribute to its gene expression.63 Since IL-2 and the T cell relationship 

can be different based on subtypes, IL-2 deficiency may play a role in regulatory T cells and 

inflammation. Without regulatory T cells and their contribution to autoimmunity dependent on 

IL-2, self- regulatory T cells and other immune cells could cause inflammation. Therefore, IL-2 
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immunotherapy could be beneficial in increasing regulatory T cells and reducing renal 

inflammation in Lupus Nephritis.64  

These specific biomarkers can all have pro-inflammatory and anti-inflammatory 

properties. They are all continuously studied for their methodology and role in cancer and other 

inflammatory diseases. This next section of the literature review is focused on nutrition and its 

correlation with inflammatory biomarkers. 

Nutrition, Cancer, and Cytokines 

Nutrition is particularly important for those undergoing cancer treatments and for those in 

remission. Anemia and cachexia are both common in those undergoing cancer therapies. This 

can coincide with symptoms such as weakness and fatigue.65 For cancer survivors there is 

definite interest from them and providers in integrating nutrition as part of patient care.66 This 

study looking at ulcerative colitis patients in remission, suggests that nutrition may play a role in 

the cellular components of tissue in the colon. This may play a role in their risk of colorectal 

cancer.67 This is important as nutrition may play a role in cancer populations and their future risk 

of associated cancers and treatment toxicities. 

         Cytokines may be important in the connection between nutrition and infection. There 

may be a link between malnutrition and secretion of pro-inflammatory cytokines. Because of the 

role of cytokines in immune response and disease, the potential for nutritional factors to 

influence their production is relevant. There is some potential that protein malnourishment could 

negatively impact cytokine production, and lead to higher rates of infection. There is not much 

information on the effects of fatty acid nutrition and cytokines. A small body of research 

suggests poly-unsaturated fatty acid supplementation may decrease cytokine production.68 



18 
 

 

Vitamin D deficiency is seen prevalently throughout the world. Vitamin D deficiency can 

interrupt T cell immune responses and the activation of T cells, macrophages and other immune 

secretions impacted by the expression of vitamin D receptors. In this intervention findings 

showed that 7.5 mg vitamin D3 injection, could lead to decreases in some cytokine levels.69 This 

could be important for populations with inflammatory diseases, which being deficient in vitamin 

D, could lead to decreased activation of the immune cells responsible for cytokine production. 

This proposed intervention focuses on IL-1β, TNF-α, and IL-2, so it is important to know if there 

are any known effects of nutrition interventions on these biomarkers specifically. 

         Because IL-1’s role in inflammation, diet may play a role in modulating its effects. IL-1 

has been associated with fever, anemia, hepatic protein synthesis, and other inflammatory 

mechanisms. In weight loss the treatment of IL-1 inhibitors may account for decreased food 

intake, which is important due to the correlation with loss of body mass and anemia. Increased 

intake of n-3 fatty acids has also shown correlation with decreased serum IL-1.70 Many patients 

undergo weight loss following cancer diagnosis, which can lead to increased risk for cachexia. 

One mechanism is that patients with cancer are found to have increased brown adipose tissue, 

which increases thermogenesis and the risk of catabolic wasting. Patients may also not consume 

enough protein, which is important for muscle synthesis.71 Despite the correlation of 

individualized nutritional therapies for patients with cancer on treatment toxicities and outcomes, 

research is lacking on nutrition interventions that include IL-1. TNF-α is known to also play a 

role in the nutrition and immune system response as well. 

         High TNF-α levels are associated with poor outcomes in patients with cancer. This study 

looking at pancreatic cancer and cachexia, found higher serum TNF-α levels in those 

experiencing greater weight loss. These findings correlated with poor nutritional status.72 Stress, 
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inflammation, and nutrition may also play a role in TNF-α levels in pregnancy. Elevated levels 

of TNF-α in pregnancy may be associated with insulin resistance and other poor embryonic 

outcomes. The findings suggest that higher stress levels could be correlated with intake of a more 

inflammatory diet pattern. In this case an inflammatory diet was one associated with higher 

intake of fatty and sugar foods. This can cause a potential increase in serum TNF-α levels, with a 

potential mechanism being increase in adipose tissue.73 These findings suggest that in a 

nutritional intervention, looking at measurements such as body weight, body fat, and adequate 

vitamin intake in patients with cancer could be important for trying to show correlation with 

TNF-α levels. Given the correlation between high TNF-α levels and type 2 diabetes mellitus,74 

there may be relationships seen in patients with cancer or cancer survivors as well. IL-2 has also 

been studied with various nutrition outcomes. 

         The potential role of IL-2 in nutritional outcomes is not well understood. Some research 

suggests iron deficiency in children may play a role in the production of IL-2 by lymphocytes. 

This could have an impact on cell-mediated immunity.75 This shows a potential connection 

between nutritional deficiencies and an impact on IL-2 production; however, this is extremely 

limited. Other research suggests that normal nutrition ranges are not associated with causing 

change in IL-2R expression and subsequent IL-2 production.76 Like vitamin D, zinc is another 

vitamin whose deficiency can be shown to impair immune function by decreasing IL-2 

production from T cells. From this study zinc deficiency was associated with less IL-2 

expression. Chronic deficiency could interrupt zinc transporters and zinc homeostasis.77 

Although this study was in vitro, findings suggest that zinc supplementation may be beneficial 

for IL-2 production in special populations.  
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To summarize the findings on cytokines and nutrition for this intervention, there are 

several factors that may be important to look at. Body weight could be a principal factor in 

cachexia in patients with cancer, which could lead to increased pro-inflammatory cytokine 

levels. Thus, adequate caloric intake could be an important measure. Looking at extra body 

weight, excessive adipose tissue could lead to increased pro-inflammatory cytokine secretion. 

This could lead to impaired insulin resistance and affect patients with type 2 diabetes mellitus in 

comorbidity with cancer. There are several vitamins whose adequate intake may be important for 

immune system function. Vitamin D, zinc, and poly-unsaturated fatty acid deficiency may lead 

to increased levels of pro-inflammatory cytokines. Another concern is the inflammation level of 

the diet itself. Avoiding diets high in fatty or sugary food, could decrease levels of inflammation 

and pro-inflammatory cytokine secretion. Inflammatory biomarkers may also be useful in 

assessing nutritional status, which is associated with patient outcomes. While the literature is 

limited, the data that exists shows that proper nutrition education and intervention could be 

beneficial for outcomes in cancer populations and to further understand the relationship between 

nutrition and these biomarkers. 

Quality-Of-Life and Cancer 

What qualifies as QOL for patients with cancer can be very subjective. It can typically be 

grouped into different categories such as; physical and functional well-being, emotional well-

being, social functioning, and occupational well-being. Measuring QOL can be used to assess for 

supportive needs for cancer-related side effects, as well as a prognostic indicator.78 Cancer can 

be demoralizing to patients’ psychological well-being. For instance, patients with 82.3% lower 

QOL scores, depression, fear of social functions, fear of cancer recurrence, income status 

reduction, and dissatisfaction with body image all contributed to decreased psychological well-
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being.79 Patients’ physical well-being is also important to maintain. Significant weight loss, 

malnutrition, and cancer cachexia can all contribute to poor physical well-being. Handgrip 

strength has recently been added in the criterion for cancer cachexia and sarcopenia. Handgrip 

strength has been associated with cancer mortality as a negative predictor across different cancer 

types and sex. Handgrip strength may also be useful when paired with poor nutritional status, 

another negative predictor of cancer mortality.80-81 Quality-of-life measures in patients with 

cancer can also be influenced by nutrition interventions.  

Lipid Panel and Cancer 

Abnormal lipid profiles have been studied as a potential risk factor for cancer. Lipids in 

cancer cells play a role in cell proliferation and signaling. There is concern abnormal lipids 

metabolism may play a role in cancer progression.82 HDL-c has shown an inverse correlation 

with the risk of breast cancer.83 However, other research has found no association between breast 

cancer risk and dyslipidemia. This may also depend on the severity of breast cancer.84 Another 

consideration is that many of those diagnosed with cancer already live with multiple 

comorbidities. Comorbidities can influence the timing and potentially delay cancer diagnosis. 

From this study around half of those with a long-term health condition at time of diagnosis had 

multiple comorbidities. The risk of multiple versus a single comorbidity also increased with 

age.85   

Research Questions 

Research Question 1: Are cancer-related biomarkers affected in patients with cancer after 

undergoing nutrition education and intervention? 
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Research Question 2: Are lipid profile biomarkers affected in patients with cancer after 

undergoing nutrition education and intervention? 

Research Question 3: Are cancer related QOL measures affected in patients with cancer after 

undergoing nutrition education and intervention? 

Hypotheses 

Hypothesis 1: Given nutrition intervention and education, patients with cancer will see 

improvement or no change in their cancer-related biomarkers. 

Hypothesis 2: Given nutrition intervention and education, patients with cancer will see 

improvement or no change in their lipid profile biomarkers. 

Hypothesis 3: Given nutrition intervention and education, patients with cancer will see 

improvement or no change in their cancer-related QOL measures. 

Study Significance 

Not only is cancer a huge problem affecting millions of people, but there is more 

knowledge needed to improve treatment and patient outcomes. This study adds to the literature 

of nutrition interventions and cancer-related biomarkers. Much of the research on nutrition 

interventions in cancer populations also comes from lab-controlled studies. This study adds to 

the literature on how community health programs are affecting these biomarkers. There is also a 

lack of research on how nutrition interventions affect a cancer population receiving current 

treatment. Considering treatment toxicities such as cachexia in this population, this research is 

important for demonstrating the role nutrition can play in mitigating these side effects. Quality-
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of-life is also significantly impacted by cachexia and other cancer-related symptoms like fatigue. 

Abnormal lipid profiles in patients with cancer can also contribute to QOL measures. This 

research not only significantly adds to that literature in this population, but could also add to 

support of current cancer dietary recommendations. 
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Chapter 3. Method 

         The nutrition intervention for this study came from a local community-based nutrition 

program, named Cuisine for Healing. Cuisine for Healing provided the meals and nutrition 

education for the participants. Participants participated in a blood draw and answer health 

questionnaires pre- and post-intervention. Questionnaires were used to assess participant’s 

cancer-related QOL measures. A finger stick was used to assess lipid profile numbers. Blood 

specimens were measured to analyze participants’ blood serum levels of IL-1β, IL-2, and TNF-α. 

Participants 

Participants for this study were people with a cancer diagnosis that are currently 

undergoing some form of treatment. Cancer treatment could include medications, chemotherapy, 

surgery, etc. The inclusion criteria include any race, gender, or socioeconomic status person with 

a cancer diagnosis, currently undergoing some modality of cancer treatment. Exclusion criteria 

was anyone under 18, anyone without a cancer diagnosis, anyone with a current cancer diagnosis 

who is not receiving treatment, or anyone currently undergoing a structured exercise or nutrition 

intervention. The sample size for this intervention aimed for 6 participants. There was no control 

group. Participants were supplied meals paid for by Cuisine for Healing or the study 

investigators. Participants may also choose to purchase additional meals themselves. Participants 

were acquired via a convenience sample from those beginning intervention with Cuisine for 

Healing. Flyers were also be distributed by Lori Henson with Cuisine for Healing. Participants 

may also be referred to these programs by their oncologists.  
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Outcome Measures 

         At both pre- and post-intervention visits participants were asked to complete five 

questionnaires. A QOL questionnaire (SF-36), Health History questionnaire, a Physical Activity 

questionnaire (IPAQ-short form), a fatigue symptom inventory (FSI), and a 3-day Dietary 

Record. The purpose of the SF-36 is to assess changes in participants’ current QOL. The Health 

History questionnaire is used to get background information about the health of each individual 

participant. The purpose of the Physical Activity questionnaire is to assess current physical 

abilities of the patients with cancer prior to intervention. The FSI can patients’ current amount 

and specific symptoms related to fatigue. The 3-day Dietary Record was used to form an idea of 

a participant’s current eating habits prior or during nutrition intervention. Following completion 

of the informed consent and all questionnaires, finger stick and venipuncture blood samples were 

obtained. 

For both the pre-test and post-test, all finger sticks and venipuncture blood samples were 

collected by qualified investigators only. To assess a lipid profile a blood sample was collected 

in capillary tubes following a lancet stick. Participant’s lipid profiles were then measured using 

Cholestech LDX technology (Abbott Core Laboratory Systems, Lake Forest, IL, USA). 

Participant blood draws were collected via venipuncture and placed into sterile tubes. A 

multiplex assay was ran using MSD technology. The assay determined the levels of each 

cytokine being assessed by using beads. Infrared and red dyes are used by the machine to 

produce up to 100 distinct colors. The MSD machine assigned distinct colors to each cytokine 

protein. High-speed digital signal processors and software record the fluorescent signals, which 

allowed the MSD to use its LED/image-based technology to determine the concentration of each 

cytokine. By using this technology to read the beads, the data for each bead-based assay can be 
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produced. This is how each participant’s data for the cytokines was recorded for blood serum 

levels.  

Procedures 

         Prior to recruitment for this study, the TCU (Texas Christian University) Institutional 

Biosafety Committee (IBC) and TCU Institutional Review Board (IRB) approval was obtained. 

Following IBC and IRB approval, recruitment for this project was a collaborative effort. Finding 

participants for this study who fit the inclusion criteria was done in coordination with Lori 

Henson the director at Cuisine for Healing. Participants may also be referred to this community 

health program by their oncologists. All participants were screened via telephone interview to 

ensure they meet the study inclusion and exclusion criteria by one of the study investigators. 

Upon arrival for their appointment for baseline testing written informed consent was obtained 

from all participants. The investigator explained in detail all procedural information to the 

participants, before they sign the informed consent document. The participant was assigned a 

subject code to store their data that would not include any identifying information. Demographic 

and health history data collected was kept in a secure locked file cabinet in the locked office of 

the PI, Dr. Ryan Porter. Participants were instructed that their participation in this study is 

completely voluntary and that they may withdraw from the study at any time. To withdraw, 

participants were asked to inform one of the investigators that they no longer wish to participate 

in the study. There was no penalty for withdrawing from this study. Participants were informed 

that they can have as much time as needed to ask questions and have any concerns addressed 

prior to beginning participation in further questionnaires, finger stick, or blood draws. 
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At baseline testing all participants participated in a finger stick, venipuncture blood draw, 

and answered all questionnaires. Participants were instructed to arrive at the lab in a 12-hour 

fasted state via telephone or email. The time and date corresponded to 12 hours before the 

scheduled appointment. Upon arrival participants completed the informed consent document and 

all questionnaires. Following questionnaires, participants had a finger stick and venipuncture 

blood draws taken. Finger stick blood samples were immediately analyzed for lipid profile data 

using Cholestech LDX technology. Venipuncture blood samples were centrifuged prior to proper 

storage for future analysis. After baseline testing took place participants began participation in 

the Cuisine for Healing intervention. Following completion of these intervention(s), participants 

participated in a post-test blood draw and again answer all questionnaires that were filled out at 

baseline testing. All procedures for the pre-test finger stick and venipuncture blood draw were 

repeated for the post-test. The duration of the study for each participant was 6-weeks. The total 

time expected from each participant for their participation at both pre- and post-testing, was 

approximately 60 minutes. Participants visited twice for the duration of the study. Enrollment 

was on a rolling basis, and have no firm start date. All questionnaires were filled out on paper by 

participants. All blood samples drawn from participants were completed via venipuncture and 

collected into sterile tubes by qualified investigators. Blood draws were stored safely and 

securely to protect confidentiality. Following collection blood draws were centrifuged to separate 

the plasma/serum and stored in a -80°C refrigerator in the Exercise Physiology Laboratory. 

Blood cytokine levels were analyzed using multiplex serum analysis with the plates being read 

using a Meso Scale Diagnostic (MSD) plate analyzer (Meso Scale Diagnostics, LLC, Rockville, 

MD, USA).  
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Cuisine for Healing 

The nutrition intervention for this program came from meals provided by Cuisine for 

Healing. Participants provided meals got one meal a day for seven days of the week, giving them 

a total of seven meals a week. Participants typically pick up their meals for the week on 

Thursday. Participants may eat multiple meals in one day, or eat the average of one per day. 

They can also choose any meal from the menu; whether it is breakfast, lunch, dinner, or snack 

item. Participants may purchase meals in addition to the ones provided as a part of the study, and 

may therefore have a varying number of meals. The meals were organic, anti-inflammatory and 

high in antioxidants in nature. Participants also received some form of nutrition education. This 

education was focused on helping them learn what is best for them to eat when they are making 

their own meals. This could include help with grocery shopping or making their own meals at 

home. Analyzing QOL measures, lipid profiles and inflammatory biomarkers following nutrition 

intervention helped add to the support of these programs as part of a comprehensive 

rehabilitation plan for people with cancer. 

Data Analysis 

         The design for this intervention included a pre-test and post-test. There was no data 

collected during the course of the nutrition intervention. A paired t-test was used to make 

comparisons between the pre- and post-participant cancer-related QOL measurements. A paired 

t-test was also used to make comparisons between pre- and post- lipid profile outcomes (TC, 

HDL, LDL, TRG, non-HDL, TC/HDL ratio, and GLU.), and blood serum biomarker levels (IL-

1β, IL-2, and TNF-α). This answered the hypotheses that those undergoing a nutrition 

intervention and education would see a decrease or no change in their cancer related QOL 
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measurements, lipid profiles, and blood biomarkers. All data was be analyzed using SPSS 

Statistics. 
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Chapter 4. Results 

A total of 6 (n=6) participants completed baseline testing for this study. Participants' 

baseline characteristics can be seen in Table 1. The mean age of participants in this study was 

55.83 ± 12.35 years. The mean height was 170.17 ± 10.52 cm, and the mean weight was 86.5 ± 

29.41 kg. There were 5 female participants and 1 male participants. One female participant 

dropped out for an unknown reason after baseline testing. As shown in Table 1. participants at 

baseline were from different racial and ethnic backgrounds. Individuals of White, African 

American, and Hispanic/Latino origin were included in this study. Individuals were from 

different socioeconomic backgrounds with 3 participants (50%) reported making 40K or less, 

while the other (50%) all reported making 100K or greater. At baseline participants also had a 

range of physical activity levels. While no participants reported being sedentary, 4 reported light 

levels of physical activity at baseline.  

 

 

 

 

 

 

 

 

 

 

 

 

 



31 
 

 

Table 1. Baseline Participant Characteristics 

Variables Total n= (6) 

Age (years)   

18-30 0 

31-40 1 

41-50 1 

51-60 2 

61-70 1 

71-80 1 

Sex   

Male 1 

Female 5 

Race/Ethnicity  

African American  2  

Asian  0  

White  2  

Hispanic/Latino  1  

Other  0  

Income Level  

<20K  2  

20-40K  1  

40-60K  0  

60-80K  0  

80-100K  0  

100-150K  1  

>150K  2  

Physical Activity Level  

Sedentary  0  

Lightly Active  4  

Moderately Active  1  

Extremely Active  1  

 Mean 

Height (cm)  170.17 

Weight (kg)  86.5 
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Cytokine Data 

Baseline and 6-week mean blood serum cytokine levels of the participants can be seen in 

Table 2. Blood samples were not able to be obtained via venipuncture for participants D02 and 

D04 at baseline or for D04 at 6-weeks. D05 and D06 have not yet returned for their 6-week 

follow up visit. For participant D03 no significant difference between IL-2 and TNF-α was seen 

between baseline and 6-weeks at α = .05. Blood serum levels of IL-1β were not detectable in any 

participants and thus excluded from analysis. However, this can be relevant in that it may 

represent low levels of this inflammatory cytokines in this population.  

Table 2. Mean Serum Blood Cytokine Levels 

Participant ID Bsl:IL-2 6W:IL-2  Bsl:TNF-α  6W: TNF-α  

D01  3.037  -  1.100  -  

D02  -  0.253  -  1.101  

D03  0.536  0.695  1.156  0.993  

D04  -  -  -  -  

D05  2.609  -  0.863  -  

D06  0.475  -  1.239  -  
Bsl-Baseline, 6W-Six Weeks, IL-2-Interleukin-2, TNF- α-Tumor Necrosis Factor- α. 

Lipid Panel Data 

The mean and standard deviation cholesterol panel outcomes for the four participants in 

which baseline and 6-week data was collected are shown in Table 3 and Figure 1. There were no 

significant differences between any lipid panel markers between baseline and 6-weeks, at α = 

0.05. However, positive trends in increased mean HDL, and decreased TC, LDL, and non-HDL 

cholesterol were observed. Figure 1 demonstrates that 3 (75%) of participants saw a decrease in 

their LDL or TC/HDL ratio from baseline to 6-weeks. While there were mixed results in baseline 

and 6-week TRGs, 3 (75%) of participants saw a decrease or no change in their non-HDL at 6-
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weeks compared to baseline. There was also an increase in HDL seen in 2 (50%) of the 

participants from baseline to 6-weeks 

Table 3. Lipid Panel Measurements at Baseline and 6-weeks. 

Variable Mean Total (n=) 
Std. 

Deviation  Std. Error Mean  

     

TC_Bsl  241.50  4  19.672  9.836  

     

TC_Six  235.00  4  34.814  17.407  

     

HDL_Bsl  62.25  4  23.684  11.842  

     

HDL_Six  66.75  4  33.540  16.770  

     

TRG_Bln  149.50  4  34.356  17.178  

     

TRG_Six  203.25  4  118.452  59.226  

     

LDL_Bsl  150.50  4  11.446  5.723  

     

LDL_Six  128.25  4  28.814  14.407  

     

NonHDL_Bsl  179.25  4  9.535  4.768  

     

NonHDL_Six  168.75  4  40.631  20.316  

     

HDLTC_Bsl  4.525  4  2.2500  1.1250  

     

HDLTC_Six  5.150  4  4.5684  2.2842  

     

GLU_Bsl  94.25  4  6.994  3.497  

     

GLU_Six  99.50  4  4.435  2.217  

     
Bsl-Baseline, Six-Six Weeks, TC-Total Cholesterol, HDL-High-Density-

Lipoprotein, TRG-Triglycerides, LDL-Low-Density-Lipoprotein, Non-

HDL-Non-High-Density-Lipoprotein, HDLTC-Total Cholesterol/High-

Density-Lipoprotein Ratio, GLU-Fasting Blood Glucose. 
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Figure 1. Pre- and Post- Participant Lipid Panel Markers, (n=4). 

HDL-C-High-Density-Lipoprotein, TRG-Triglycerides, LDL-C-Low-Density-Lipoprotein, Non-HDL-C-Non-High-

Density-Lipoprotein, TC/HDL Ratio-Total Cholesterol/High-Density-Lipoprotein Ratio 

 

Quality-of-Life Data 

 No significant changes were seen from baseline to 6-weeks in any QOL or fatigue 

outcomes that were analyzed using the SF-36 and FSI respectively. This included no significant 

decreases in health limiting activities. QOL measures on fatigue can be seen in Figure 2a and 2b. 

Figure 2a shows the scores for disruption index, which looks at fatigue impacting physical and 

social activities. Figure 2b represents a global score encompassing the entire questionnaire. 

While scores had no significant group change from baseline to 6-weeks, several participants saw 

decreased global and disruption index scores from baseline to 6-weeks.  
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Figure 2a and 2b. FSI Questionnaire Measures Comparing Individual Participants from 

Baseline to 6-weeks, (n=4).  

Figure 2a. 

  

Figure 2b. 
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Chapter 5. Discussion 

While there has not yet been sufficient data collected to statistically analyze cancer-

related biomarkers, this study did supply key findings that are purposeful for future research. 

These findings also help support the perceived benefits participant’s get from community-based 

nutrition programs. While there was no significant weight change for participants between the 

baseline and 6-week timepoint, the lack of weight loss may be beneficial considering that 

significant weight loss can be a symptom contributory to cachexia, which is associated with 

worse cancer outcomes.21-22 There was also no significant weight gain from any participant. It is 

possible that the provided meals and nutrition education from Cuisine for Healing, helped 

participants maintain adequate caloric intake.  

While no significant changes were noted, there were several positive trends in the lipid 

profiles of participants. Several participants saw increases in their HDL and TRG. Two 

participants had increased total TC, numbers, but this was likely due to increases HDL. This is 

supported by the fact that all participants saw decreases in their LDL, non-HDL, and TC/HDL 

ratio. There were no significant changes to be noted in the participant’s fasting blood glucose 

numbers. While no significant lipid panel results occurred, looking at some of these trends can 

be beneficial. Prior research has shown that HDL may have an inverse relationship with the risk 

for breast cancer.83 No significant decreases in HDL and some positive trends showing increased 

HDL, can be seen as a positive for those going through this community-based nutrition 

intervention. No significant increases in TC, LDL, or non-HDL cholesterol are also important, 

because research has shown abnormal lipid metabolism may contribute to tumor progression in 

pancreatic cancer.82 
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Quality of life measures assessed using SF-36 provided no significant results when 

participants self-reported their current health status and their health status as compared to one 

year prior. The lack of significant results can also be seen as a positive, in that no participant 

reported a significant decline in health status at 6-weeks compared to baseline. Additionally, 

when comparing health limiting activities from baseline to 6-weeks, no significant changes were 

reported. It is important to study QOL measures in patients with cancer, as it not only influences 

physical and cognitive health,23 but it also can impact the treatment options patients have and the 

treatment options they choose.24 It should be noted however, that this finding may simply be due 

to several participants from this study reporting very little to no limitation at baseline. While 

there was also no significant difference in problems at work or daily activities as a result of 

emotional problems, there was some positive change noted in one participant at 6-weeks 

compared to baseline. Additionally, no significant changes were reported in participants physical 

health or emotional problems related to social activities. This is important because prior research 

has shown that anxiety over cancer-related symptoms may decrease the social events that a 

patient may choose to attend, thereby potentially impacting emotional health.28  

Unfortunately, while not significant, several participants did note slightly higher amounts 

of bodily pain in the past four weeks compared to baseline. However, the amount that this pain 

interfered with work or housework was minimal. When asked about how they had been feeling 

in the past four weeks in terms of energy level, pep, happiness, etc., there were no significant 

changes to be noted from the participants. Overall, no significant decrease in physical or 

emotional health can be seen as a positive. It is important that those engaged in a structured 

nutrition program are maintaining their health and well-being. Prior research on community-
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based health interventions has shown that engagement, not only increases adherence to 

programs, but also improves patients’ health outcomes.10  

Fatigue symptom inventory results were not significant between baseline and 6-weeks. 

However, several participants showed decreased overall symptoms of fatigue. Two participants 

also reported lower fatigue disruption index scores, meaning that fatigue had less impact on their 

physical and social activities. This is important because of the impact of fatigue on an 

individual’s social, physical, and emotional health.23 The trend in fatigue may also be associated 

with nutritional intake. If so, it is possible that those participating in the dietary intervention had 

improved nutritional intake as a result of consuming Cuisine for Healing meals and applying the 

healthy diet principles learned through this program. This would support the already existing 

evidence for the benefit of nutrition programs for patients with cancer.22  

Limitations 

As a pilot study there are several limitations to report. First, the sample size was small 

with four participants. While it was beneficial to have participants from multiple socioeconomic 

and ethnic backgrounds, it means the results of this study cannot be generalized to any specific 

socioeconomic or ethnic group. There were also participants with multiple different cancer types 

included in the study. Therefore, the results cannot be generalized to any specific cancer type. 

Additionally, while participants were supplied meals from Cuisine for Healing, dietary and QOL 

data was self-reported. This means that it is possible some participants did not fully understand a 

QOL measure question, even if it was explained to them thoroughly. Participants may also have 

failed to report all foods they ate on a given day in the dietary record, as previous research has 

demonstrated underreporting with self-report dietary instruments.86 The fact that participants still 
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reported positive trends in QOL measures, it is important given that adherence plays a large role 

in the success of community-based interventions.9 The 6-week duration of this study may also 

limit the results as greater change might be observed in studies longer in duration. While the 

shorter duration of the study is important for showing positive data trends, a longer study 

duration would increase the significance of the results. Lastly, there was an inability to get blood 

via venipuncture from all participants. This limited the number of participants that could be 

included in cytokine analysis. The downside to this is that this study was not able to provide 

adequate pre- and post-analysis of inflammatory cytokines in this population.  

Summary 

This study looked at a community-based nutrition intervention in a cancer population. 

Overall, while no significant changes were seen, the results of this study showed positive trends 

of decreased self-reported fatigue, decreased health limiting activities, decreased lipid panel 

markers like LDL, and TC/HDL ratio, as well as increased HDL. These results can be used as 

preliminary evidence to support further studies that investigate the use of community-based 

nutrition interventions for people with cancer. Future research can be focused on larger studies 

that can include longer interventions, and look at more specific populations regarding cancer 

type, sex, or ethnicity.  

  



40 
 

 

References 

1. Ferlay, J., Colombet, M., Soerjomataram, I., Parkin, D. M., Piñeros, M., Znaor, A., & 

Bray, F. (2021). Cancer statistics for the year 2020: An overview. International Journal of 

Cancer. https://doi.org/10.1002/ijc.33588 

2. Tran, G., & Zafar, S. Y. (2018). Financial toxicity and implications for cancer care in the 

era of molecular and immune therapies. Annals of translational medicine, 6(9). 

doi:10.21037/atm.2018.03.28 

3. McFarland, D. C., Riba, M., & Grassi, L. (2021). Clinical Implications of Cancer Related 

Inflammation and Depression: A Critical Review. Clinical Practice and Epidemiology in 

Mental Health: CP & EMH, 17(1), 287.doi: 10.2174/1745017902117010287 

4. Scott, E., Daley, A. J., Doll, H., Woodroofe, N., Coleman, R. E., Mutrie, N., ... & Saxton, 

J. M. (2013). Effects of an exercise and hypocaloric healthy eating program on 

biomarkers associated with long-term prognosis after early-stage breast cancer: a 

randomized controlled trial. Cancer Causes & Control, 24(1), 181-191. 

https://doi.org/10.1007/s10552-012-0104-x 

5. Prado, C. M., Purcell, S. A., & Laviano, A. (2020). Nutrition interventions to treat low 

muscle mass in cancer. Journal of cachexia, sarcopenia and muscle, 11(2), 366-

380.https://doi.org/10.1002/jcsm.12525  

6. Shim, Y. J., Kim, H. J., Oh, S. C., Lee, S. I., & Choi, S. W. (2019). Exercise during 

adjuvant treatment for colorectal cancer: treatment completion, treatment-related 

toxicities, body composition, and serum level of adipokines. Cancer Management and 

Research, 11, 5403. doi: 10.2147/CMAR.S20875 

7. Renzi, C., Kaushal, A., Emery, J., Hamilton, W., Neal, R. D., Rachet, B., ... & 

Lyratzopoulos, G. (2019). Comorbid chronic diseases and cancer diagnosis: disease-

specific effects and underlying mechanisms. Nature reviews clinical oncology, 16(12), 

746-761. https://doi.org/10.1038/s41571-019-0249-6  

8. Percac-Lima, S., Grant, R. W., Green, A. R., Ashburner, J. M., Gamba, G., Oo, S., ... & 

Atlas, S. J. (2009). A culturally tailored navigator program for colorectal cancer 

screening in a community health center: a randomized, controlled trial. Journal of 

general internal medicine, 24, 211-217. https://doi.org/10.1007/s11606-008-0864-x  

9. Cyril, S., Smith, B. J., Possamai-Inesedy, A., & Renzaho, A. M. (2015). Exploring the 

role of community engagement in improving the health of disadvantaged populations: a 

systematic review. Global health action, 8(1), 29842. 

https://doi.org/10.3402/gha.v8.29842 

10. Alcaraz, K. I., Wiedt, T. L., Daniels, E. C., Yabroff, K. R., Guerra, C. E., & Wender, R. 

C. (2020). Understanding and addressing social determinants to advance cancer health 

equity in the United States: a blueprint for practice, research, and policy. CA: a cancer 

journal for clinicians, 70(1), 31-46. https://doi.org/10.3322/caac.21586  

11. Zhang, J. M., & An, J. (2007). Cytokines, inflammation, and pain. International 

anesthesiology clinics, 45(2), 27. doi: 10.1097/AIA.0b013e318034194e 

12. Waldmann, T. A. (2018). Cytokines in cancer immunotherapy. Cold Spring Harbor 

perspectives in biology, 10(12), a028472. doi: 10.1101/cshperspect.a028472 

13. Kany, S., Vollrath, J. T., & Relja, B. (2019). Cytokines in inflammatory disease. 

International journal of molecular sciences, 20(23), 6008. 

https://doi.org/10.3390/ijms20236008 

https://doi.org/10.1002/ijc.33588
https://doi.org/10.1007/s10552-012-0104-x
https://doi.org/10.1038/s41571-019-0249-6
https://doi.org/10.1007/s11606-008-0864-x
https://doi.org/10.3402/gha.v8.29842
https://doi.org/10.3322/caac.21586
https://doi.org/10.3390/ijms20236008


41 
 

 

14. Yamaguchi, M., Okamura, S., Yamaji, T., Iwasaki, M., Tsugane, S., Shetty, V., & 

Koizumi, T. (2019). Plasma cytokine levels and the presence of colorectal cancer. PLoS 

One, 14(3), e0213602. https://doi.org/10.1371/journal.pone.0213602 

15. Allen, J., Sun, Y., & Woods, J. A. (2015). Exercise and the regulation of inflammatory 

responses. Progress in molecular biology and translational science, 135, 337-354. 

https://doi.org/10.1016/bs.pmbts.2015.07.003 

16. Wen, C. P., Wai, J. P. M., Tsai, M. K., Yang, Y. C., Cheng, T. Y. D., Lee, M. C., ... & 

Wu, X. (2011). Minimum amount of physical activity for reduced mortality and extended 

life expectancy: a prospective cohort study. The Lancet, 378(9798), 1244-1253. 

https://doi.org/10.1016/S0140-6736(11)60749-6 

17. Chen, Z., Cai, R., Liao, X., Huang, X., Zhao, C., & Chen, M. (2022). The efficacy of 

pulmonary rehabilitation exercise training on complications and mortality after lung 

cancer resection: a systematic review and meta-analysis. Translational Cancer Research, 

11(5), 1321. https://doi.org/10.21037%2Ftcr-22-978 

18. Iddir, M., Brito, A., Dingeo, G., Fernandez Del Campo, S. S., Samouda, H., La Frano, M. 

R., & Bohn, T. (2020). Strengthening the immune system and reducing inflammation and 

oxidative stress through diet and nutrition: considerations during the COVID-19 crisis. 

Nutrients, 12(6), 1562. https://doi.org/10.3390/nu12061562 

19. Jiang, Y., Xu, D., Song, H., Qiu, B., Tian, D., Li, Z., ... & Wang, J. (2021). Inflammation 

and nutrition-based biomarkers in the prognosis of oesophageal cancer: a systematic 

review and meta-analysis. BMJ open, 11(9), e048324. 

http://dx.doi.org/10.1136/bmjopen-2020-048324 delete 

20. Hu, J. R., Florido, R., Lipson, E. J., Naidoo, J., Ardehali, R., Tocchetti, C. G., ... & 

Moslehi, J. (2019). Cardiovascular toxicities associated with immune checkpoint 

inhibitors. Cardiovascular research, 115(5), 854-868. https://doi.org/10.1093/cvr/cvz026 

21. Najafi, M., Motevaseli, E., Shirazi, A., Geraily, G., Rezaeyan, A., Norouzi, F., ... & 

Abdollahi, H. (2018). Mechanisms of inflammatory responses to radiation and normal 

tissues toxicity: clinical implications. International journal of radiation biology, 94(4), 

335-356. https://doi.org/10.1080/09553002.2018.1440092 

22. Dijksterhuis, W. P., Pruijt, M. J., van der Woude, S. O., Klaassen, R., Kurk, S. A., van 

Oijen, M. G., & van Laarhoven, H. W. (2019). Association between body composition, 

survival, and toxicity in advanced esophagogastric cancer patients receiving palliative 

chemotherapy. Journal of cachexia, sarcopenia and muscle, 10(1), 199-206. 

https://doi.org/10.1002/jcsm.12371  

23. Hardee, J. P., Counts, B. R., & Carson, J. A. (2019). Understanding the role of exercise in 

cancer cachexia therapy. American journal of lifestyle medicine, 13(1), 46-60. 

https://doi.org/10.1177/1559827617725283  

24. Bottomley, A. (2002). The cancer patient and quality of life. The oncologist, 7(2), 120-

125. https://doi.org/10.1634/theoncologist.7-2-120  

25. Shrestha, A., Martin, C., Burton, M., Walters, S., Collins, K., & Wyld, L. (2019). Quality 

of life versus length of life considerations in cancer patients: a systematic literature 

review. Psycho‐oncology, 28(7), 1367-1380. https://doi.org/10.1002/pon.5054   

26. Gebruers, N., Camberlin, M., Theunissen, F., Tjalma, W., Verbelen, H., Van Soom, T., & 

van Breda, E. (2019). The effect of training interventions on physical performance, 

quality of life, and fatigue in patients receiving breast cancer treatment: a systematic 

https://doi.org/10.1371/journal.pone.0213602
https://doi.org/10.1016/bs.pmbts.2015.07.003
https://doi.org/10.1016/S0140-6736(11)60749-6
https://doi.org/10.21037%2Ftcr-22-978
https://doi.org/10.3390/nu12061562
http://dx.doi.org/10.1136/bmjopen-2020-048324
https://doi.org/10.1093/cvr/cvz026
https://doi.org/10.1080/09553002.2018.1440092
https://doi.org/10.1002/jcsm.12371
https://doi.org/10.1177/1559827617725283
https://doi.org/10.1634/theoncologist.7-2-120
https://doi.org/10.1002/pon.5054


42 
 

 

review. Supportive Care in Cancer, 27, 109-122. https://doi.org/10.1007/s00520-018-

4490-9  

27. Buffart, L. M., Thong, M. S., Schep, G., Chinapaw, M. J., Brug, J., & van de Poll-Franse, 

L. V. (2012). Self-reported physical activity: its correlates and relationship with health-

related quality of life in a large cohort of colorectal cancer survivors. PloS one, 7(5), 

e36164. https://doi.org/10.1371/journal.pone.0036164 

28. Omlin, A., Blum, D., Wierecky, J., Haile, S. R., Ottery, F. D., & Strasser, F. (2013). 

Nutrition impact symptoms in advanced cancer patients: frequency and specific 

interventions, a case–control study. Journal of cachexia, sarcopenia and muscle, 4, 55-

61. https://doi.org/10.1007/s13539-012-0099-x   

29. Kelly, D. L., Yang, G. S., Starkweather, A. R., Siangphoe, U., Alexander-Delpech, P., & 

Lyon, D. E. (2020). Relationships among fatigue, anxiety, depression, and pain and 

health-promoting lifestyle behaviors in women with early-stage breast cancer. Cancer 

nursing, 43(2), 134-146. DOI: 10.1097/NCC.0000000000000676  

30. Shah, Franky Dhaval, et al. "Significance of alterations in plasma lipid profile levels in 

breast cancer." Integrative cancer therapies 7.1 (2008): 33-41. 

https://doi.org/10.1177/1534735407313883 29 

31. Munir, R., Usman, H., Hasnain, S., Smans, K., Kalbacher, H., & Zaidi, N. (2014). 

Atypical plasma lipid profile in cancer patients: cause or consequence?. Biochimie, 102, 

9-18.  https://doi.org/10.1016/j.biochi.2014.03.010  

32. Ghahremanfard, F., Mirmohammadkhani, M., Shahnazari, B., Gholami, G., & 

Mehdizadeh, J. (2015). The valuable role of measuring serum lipid profile in cancer 

progression. Oman medical journal, 30(5), 353. doi: 10.5001/omj.2015.71  

33. Shaikh, S., Channa, N. A., Talpur, F. N., Younis, M., & Tabassum, N. (2017). 

Radiotherapy improves serum fatty acids and lipid profile in breast cancer. Lipids in 

health and disease, 16(1), 1-8. https://doi.org/10.1186/s12944-017-0481-y  

34. Richards, J., Arensberg, M. B., Thomas, S., Kerr, K. W., Hegazi, R., & Bastasch, M. 

(2020). Impact of early incorporation of nutrition interventions as a component of cancer 

therapy in adults: A review. Nutrients, 12(11), 3403. https://doi.org/10.3390/nu12113403  

35. Hunter, P. (2012). The inflammation theory of disease: The growing realization that 

chronic inflammation is crucial in many diseases opens new avenues for treatment. 

EMBO reports, 13(11), 968-970. doi: 10.1038/embor.2012.142  

36. Arango Duque, G., & Descoteaux, A. (2014). Macrophage cytokines: involvement in 

immunity and infectious diseases. Frontiers in immunology, 5, 491. 

https://doi.org/10.3389/fimmu.2014.00491 

37. Sinha, P., Matthay, M. A., & Calfee, C. S. (2020). Is a “cytokine storm” relevant to 

COVID-19? JAMA internal medicine, 180(9), 1152-1154. 

doi:10.1001/jamainternmed.2020.3313 

38. Wanebo, H. J. (1989). Tumor necrosis factors. In Seminars in surgical oncology (Vol. 5, 

No. 6, pp. 402-413). New York: John Wiley & Sons, Inc. 

https://doi.org/10.1002/ssu.2980050606 

39. Wang, X., & Lin, Y. (2008). Tumor necrosis factor and cancer, buddies or foes? 1. Acta 

Pharmacologica Sinica, 29(11), 1275-1288. https://doi.org/10.1111/j.1745-

7254.2008.00889.x 

https://doi.org/10.1007/s00520-018-4490-9
https://doi.org/10.1007/s00520-018-4490-9
https://doi.org/10.1371/journal.pone.0036164
https://doi.org/10.1007/s13539-012-0099-x
https://doi.org/10.1177/1534735407313883
https://doi.org/10.1016/j.biochi.2014.03.010
https://doi.org/10.5001%2Fomj.2015.71
https://doi.org/10.1186/s12944-017-0481-y
https://doi.org/10.3390/nu12113403
https://doi.org/10.3389/fimmu.2014.00491
https://doi.org/10.1002/ssu.2980050606
https://doi.org/10.1111/j.1745-7254.2008.00889.x
https://doi.org/10.1111/j.1745-7254.2008.00889.x


43 
 

 

40. Idriss, H. T., & Naismith, J. H. (2000). TNFα and the TNF receptor superfamily: 

Structure‐function relationship (s). Microscopy research and technique, 50(3), 184-195 

https://doi.org/10.1002/1097-0029(20000801)50:3<184:AID-JEMT2>3.0.CO;2-H. 

41. Mehaffey, E., & Majid, D. S. (2017). Tumor necrosis factor-α, kidney function, and 

hypertension. American Journal of Physiology-Renal Physiology, 313(4), F1005-F1008. 

https://doi.org/10.1152/ajprenal.00535.2016 

42. Mercogliano, M. F., Bruni, S., Mauro, F., Elizalde, P. V., & Schillaci, R. (2021). 

Harnessing Tumor Necrosis Factor Alpha to Achieve Effective Cancer Immunotherapy. 

Cancers, 13(3), 564. https://doi.org/10.3390/cancers13030564 

43. Vaillant, A. A. J., & Qurie, A. (2020). Interleukin. StatPearls [Internet]. Treasure Island 

(FL): StatPearls Publishing; 2021 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK499840/ 

44. Briukhovetska, D., Dörr, J., Endres, S., Libby, P., Dinarello, C. A., & Kobold, S. (2021). 

Interleukins in cancer: from biology to therapy. Nature Reviews Cancer, 1-19. 

https://doi.org/10.1038/s41568-021-00363-z 

45. Razavi, G. S. E., & Allen, T. (2015). Emerging role of interleukins in cancer treatment. 

Immunome Research, 11(S2), 1. http://dx.doi.org/10.4172/1745-7580.S2.006 

46. Choudhry, H., Helmi, N., Abdulaal, W. H., Zeyadi, M., Zamzami, M. A., Wu, W., ... & 

Jamal, M. S. (2018). Prospects of IL-2 in cancer immunotherapy. BioMed research 

international, 2018. https://doi.org/10.1155/2018/9056173 

47. Overwijk, W. W., Tagliaferri, M. A., & Zalevsky, J. (2021). Engineering IL-2 to give 

new life to T cell immunotherapy. Annual Review of Medicine, 72, 281-311. 

https://doi.org/10.1146/annurev-med-073118-011031 

48. Mantovani, A., Dinarello, C. A., Molgora, M., & Garlanda, C. (2019). Interleukin-1 and 

related cytokines in the regulation of inflammation and immunity. Immunity, 50(4), 778-

795. https://doi.org/10.1016/j.immuni.2019.03.012 

49. Cavalli, G., Colafrancesco, S., Emmi, G., Imazio, M., Lopalco, G., Maggio, M. C., ... & 

Dinarello, C. A. (2021). Interleukin 1α: a comprehensive review on the role of IL-1α in 

the pathogenesis and treatment of autoimmune and inflammatory diseases. Autoimmunity 

Reviews, 20(3), 102763.https://doi.org/10.1016/j.autrev.2021.102763  

50. Rébé, C., & Ghiringhelli, F. (2020). Interleukin-1β and cancer. Cancers, 12(7), 1791. 

https://doi.org/10.3390/cancers12071791 

51. Schottelius, A. J., & Dinter, H. (2006). Cytokines, NF-κB, microenvironment, intestinal 

inflammation and cancer. The Link Between Inflammation and Cancer, 67-87. 

https://doi.org/10.1007/0-387-26283-0_3 

52. Seruga, B., Zhang, H., Bernstein, L. J., & Tannock, I. F. (2008). Cytokines and their 

relationship to the symptoms and outcome of cancer. Nature Reviews Cancer, 8(11), 887-

899. https://doi.org/10.1038/nrc2507 

53. Furman, D., Campisi, J., Verdin, E., Carrera-Bastos, P., Targ, S., Franceschi, C., ... & 

Slavich, G. M. (2019). Chronic inflammation in the etiology of disease across the life 

span. Nature medicine, 25(12), 1822-1832. https://doi.org/10.1038/s41591-019-0675-0 

54. Di Paolo, N. C., Shafiani, S., Day, T., Papayannopoulou, T., Russell, D. W., Iwakura, Y., 

... & Shayakhmetov, D. M. (2015). Interdependence between interleukin-1 and tumor 

necrosis factor regulates TNF-dependent control of Mycobacterium tuberculosis 

infection. Immunity, 43(6), 1125-1136. https://doi.org/10.1016/j.immuni.2015.11.016  

https://doi.org/10.1002/1097-0029(20000801)50:3
https://doi.org/10.1152/ajprenal.00535.2016
https://doi.org/10.3390/cancers13030564
https://www.ncbi.nlm.nih.gov/books/NBK499840/
https://doi.org/10.1038/s41568-021-00363-z
http://dx.doi.org/10.4172/1745-7580.S2.006
https://doi.org/10.1155/2018/9056173
https://doi.org/10.1146/annurev-med-073118-011031
https://doi.org/10.1016/j.immuni.2019.03.012
https://doi.org/10.3390/cancers12071791
https://doi.org/10.1007/0-387-26283-0_3
https://doi.org/10.1038/nrc2507
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1016/j.immuni.2015.11.016


44 
 

 

55. Garlanda, C., Dinarello, C. A., & Mantovani, A. (2013). The interleukin-1 family: back 

to the future. Immunity, 39(6), 1003-1018. https://doi.org/10.1016/j.immuni.2013.11.010  

56. Dinarello, C. A., & van der Meer, J. W. (2013, December). Treating inflammation by 

blocking interleukin-1 in humans. In Seminars in immunology (Vol. 25, No. 6, pp. 469-

484). Academic Press. https://doi.org/10.1016/j.smim.2013.10.008 

57. Tulotta, C., & Ottewell, P. (2018). The role of IL-1B in breast cancer bone metastasis. 

Endocrine-related cancer, 25(7), R421-R434. https://doi.org/10.1530/ERC-17-0309 

58. Cruceriu, D., Baldasici, O., Balacescu, O., & Berindan-Neagoe, I. (2020). The dual role 

of tumor necrosis factor-alpha (TNF-α) in breast cancer: molecular insights and 

therapeutic approaches. Cellular Oncology, 43(1), 1-18. https://doi.org/10.1007/s13402-

019-00489-1 

59. Kesler, S., Janelsins, M., Koovakkattu, D., Palesh, O., Mustian, K., Morrow, G., & 

Dhabhar, F. S. (2013). Reduced hippocampal volume and verbal memory performance 

associated with interleukin-6 and tumor necrosis factor-alpha levels in chemotherapy-

treated breast cancer survivors. Brain, behavior, and immunity, 30, S109-S116. 

https://doi.org/10.1016/j.bbi.2012.05.017 

60. Masli, S., & Turpie, B. (2009). Anti‐inflammatory effects of tumor necrosis factor 

(TNF)‐α are mediated via TNF‐R2 (p75) in tolerogenic transforming growth factor‐β‐

treated antigen‐presenting cells. Immunology, 127(1), 62-72. 

https://doi.org/10.1111/j.1365-2567.2008.02933.x 

61. Zhang, N., Luo, X., Zhang, S., Liu, R., Liang, L., Su, W., & Liang, D. (2021). 

Subconjunctival injection of tumor necrosis factor-α pre-stimulated bone marrow-derived 

mesenchymal stem cells enhances anti-inflammation and anti-fibrosis in ocular alkali 

burns. Graefe's Archive for Clinical and Experimental Ophthalmology, 259(4), 929-940. 

https://doi.org/10.1007/s00417-020-05017-8 

62. Ross, S. H., & Cantrell, D. A. (2018). Signaling and function of interleukin-2 in T 

lymphocytes. Annual review of immunology, 36, 411-433. 

https://doi.org/10.1146/annurev-immunol-042617-053352 

63. Kochumon, S., Al Madhoun, A., Al-Rashed, F., Thomas, R., Sindhu, S., Al-Ozairi, E., ... 

& Ahmad, R. (2020). Elevated adipose tissue associated IL-2 expression in obesity 

correlates with metabolic inflammation and insulin resistance. Scientific reports, 10(1), 1-

13. https://doi.org/10.1038/s41598-020-73347-y 

64. Rose, A., von Spee-Mayer, C., Kloke, L., Wu, K., Kühl, A., Enghard, P., ... & Humrich, 

J. Y. (2019). IL-2 therapy diminishes renal inflammation and the activity of kidney-

infiltrating CD4+ T cells in murine lupus nephritis. Cells, 8(10), 1234. 

https://doi.org/10.3390/cells8101234 

65. Capra, S., Ferguson, M., & Ried, K. (2001). Cancer: impact of nutrition intervention 

outcome—nutrition issues for patients. Nutrition, 17(9), 769-772. 

https://doi.org/10.1016/S0899-9007(01)00632-3 

66. Keaver, L., Yiannakou, I., Folta, S. C., & Zhang, F. F. (2020). Perceptions of oncology 

providers and cancer survivors on the role of nutrition in cancer care and their views on 

the “nutricare” program. Nutrients, 12(5), 1277. https://doi.org/10.3390/nu12051277 

67. Rosman-Urbach, M., Niv, Y., Birk, Y., Morgenstern, S., & Schwartz, B. (2006). 

Relationship between nutritional habits adopted by ulcerative colitis relevant to cancer 

development patients at clinical remission stages and molecular-genetic parameters. 

British journal of nutrition, 95(1), 188-195. doi:10.1079/BJN20051624 

https://doi.org/10.1016/j.immuni.2013.11.010
https://doi.org/10.1016/j.smim.2013.10.008
https://doi.org/10.1530/ERC-17-0309
https://doi.org/10.1007/s13402-019-00489-1
https://doi.org/10.1007/s13402-019-00489-1
https://doi.org/10.1016/j.bbi.2012.05.017
https://doi.org/10.1111/j.1365-2567.2008.02933.x
https://doi.org/10.1007/s00417-020-05017-8
https://doi.org/10.1146/annurev-immunol-042617-053352
https://doi.org/10.1038/s41598-020-73347-y
https://doi.org/10.3390/cells8101234
https://doi.org/10.1016/S0899-9007(01)00632-3
https://doi.org/10.3390/nu12051277


45 
 

 

68. Muñoz, C., Schlesinger, L., & Cavaillon, J. M. (1995). Interaction between cytokines, 

nutrition and infection. Nutrition Research, 15(12), 1815-1844. 

https://doi.org/10.1016/0271-5317(95)02050-0 

69. Sharifi, A., Vahedi, H., Nedjat, S., Rafiei, H., & Hosseinzadeh‐Attar, M. J. (2019). Effect 

of single‐dose injection of vitamin D on immune cytokines in ulcerative colitis patients: a 

randomized placebo‐controlled trial. Apmis, 127(10), 681-687. 

https://doi.org/10.1111/apm.12982 

70. Caughey, G. E., Mantzioris, E., Gibson, R. A., Cleland, L. G., & James, M. J. (1996). 

The effect on human tumor necrosis factor alpha and interleukin 1 beta production of 

diets enriched in n-3 fatty acids from vegetable oil or fish oil. The American journal of 

clinical nutrition, 63(1), 116-122. https://doi.org/10.1093/ajcn/63.1.116 

71. Kim, D. H. (2019). Nutritional issues in patients with cancer. Intestinal research, 17(4), 

455. doi: 10.5217/ir.2019.00076 

72. Karayiannakis, A. J., Syrigos, K. N., Polychronidis, A., Pitiakoudis, M., Bounovas, A., & 

Simopoulos, K. (2001). Serum levels of tumor necrosis factor-alpha and nutritional status 

in pancreatic cancer patients. Anticancer research, 21(2B), 1355-1358. 

73. Lindsay, K. L., Buss, C., Wadhwa, P. D., & Entringer, S. (2018). Maternal stress 

potentiates the effect of an inflammatory diet in pregnancy on maternal concentrations of 

tumor necrosis factor alpha. Nutrients, 10(9), 1252. https://doi.org/10.3390/nu10091252 

74. Lainampetch, J., Panprathip, P., Phosat, C., Chumpathat, N., Prangthip, P., 

Soonthornworasiri, N., ... & Kwanbunjan, K. (2019). Association of tumor necrosis factor 

alpha, interleukin 6, and C-reactive protein with the risk of developing type 2 diabetes: A 

retrospective cohort study of rural thais. Journal of diabetes research, 2019. 

https://doi.org/10.1155/2019/9051929 

75. Galan, P., Thibault, H., Preziosi, P., & Hercberg, S. (1992). Interleukin 2 production in 

iron-deficient children. Biological trace element research, 32(1), 421-426. 

76. Glaser, R., Kennedy, S., Lafuse, W. P., Bonneau, R. H., Speicher, C., Hillhouse, J., & 

Kiecolt-Glaser, J. K. (1990). Psychological stress-induced modulation of interleukin 2 

receptor gene expression and interleukin 2 production in peripheral blood leukocytes. 

Arch Gen Psychiatry, 47(8), 707-712. 

77. Kloubert, V., Wessels, I., Wolf, J., Blaabjerg, K., Janssens, V., Hapala, J., ... & Rink, L. 

(2021). Zinc deficiency leads to reduced interleukin-2 production by active gene 

silencing due to enhanced CREMα expression in T cells. Clinical Nutrition, 40(5), 3263-

3278. https://doi.org/10.1016/j.clnu.2020.10.052  

78. Fallowfield, L. (2002). Quality of life: a new perspective for cancer patients. Nature 

Reviews Cancer, 2(11), 873-879. https://doi.org/10.1038/nrc930  

79. Nayak, M. G., George, A., Vidyasagar, M. S., Mathew, S., Nayak, S., Nayak, B. S., ... & 

Kamath, A. (2017). Quality of life among cancer patients. Indian journal of palliative 

care, 23(4), 445. doi: 10.4103/IJPC.IJPC_82_17  

80. Kasvis, P., Vigano, M., & Vigano, A. (2019). Health-related quality of life across cancer 

cachexia stages. Ann Palliat Med, 8(1), 33-42. DOI: 10.21037/apm.2018.08.04  

81. Zhuang, C. L., Zhang, F. M., Li, W., Wang, K. H., Xu, H. X., Song, C. H., ... & Shi, H. P. 

(2020). Associations of low handgrip strength with cancer mortality: a multicentre 

observational study. Journal of Cachexia, Sarcopenia and Muscle, 11(6), 1476-1486. 

https://doi.org/10.1002/jcsm.12614  

https://doi.org/10.1016/0271-5317(95)02050-0
https://doi.org/10.1111/apm.12982
https://doi.org/10.1093/ajcn/63.1.116
https://doi.org/10.3390/nu10091252
https://doi.org/10.1155/2019/9051929
https://doi.org/10.1016/j.clnu.2020.10.052
https://doi.org/10.1038/nrc930
https://doi.org/10.4103%2FIJPC.IJPC_82_17
https://doi.org/10.21037/apm.2018.08.04
https://doi.org/10.1002/jcsm.12614


46 
 

 

82. Swierczynski, J., Hebanowska, A., & Sledzinski, T. (2014). Role of abnormal lipid 

metabolism in development, progression, diagnosis and therapy of pancreatic cancer. 

World journal of gastroenterology: WJG, 20(9), 2279. doi: 10.3748/wjg.v20.i9.2279  

83. Nouri, M., Mohsenpour, M. A., Katsiki, N., Ghobadi, S., Jafari, A., Faghih, S., ... & 

Mazidi, M. (2022). Effect of Serum Lipid Profile on the Risk of Breast Cancer: 

Systematic Review and Meta-Analysis of 1,628,871 Women. Journal of Clinical 

Medicine, 11(15), 4503. https://doi.org/10.3390/jcm11154503  

84. Schairer, C., Gadalla, S. M., Pfeiffer, R. M., Moore, S. C., & Engels, E. A. (2017). 

Diabetes, Abnormal Glucose, Dyslipidemia, Hypertension, and Risk of Inflammatory and 

Other Breast CancerDiabetes, Dyslipidemia, and Inflammatory Breast Cancer Risk. 

Cancer Epidemiology, Biomarkers & Prevention, 26(6), 862-868. 

https://doi.org/10.1158/1055-9965.EPI-16-0647  

85. Fowler, H., Belot, A., Ellis, L., Maringe, C., Luque-Fernandez, M. A., Njagi, E. N., ... & 

Rachet, B. (2020). Comorbidity prevalence among cancer patients: a population-based 

cohort study of four cancers. BMC cancer, 20(1), 1-15. https://doi.org/10.1186/s12885-

019-6472-9 

86. Ravelli, M. N., & Schoeller, D. A. (2020). Traditional self-reported dietary instruments 

are prone to inaccuracies and new approaches are needed. Frontiers in nutrition, 7, 90. 

https://doi.org/10.3389/fnut.2020.00090 

 

 

 

https://doi.org/10.3748%2Fwjg.v20.i9.2279
https://doi.org/10.3390/jcm11154503
https://doi.org/10.1158/1055-9965.EPI-16-0647
https://doi.org/10.1186/s12885-019-6472-9
https://doi.org/10.1186/s12885-019-6472-9
https://doi.org/10.3389/fnut.2020.00090

